Introduction
Rheumatoid arthritis (RA) is an inflammatory autoimmune disease characterized by synovitis and pannus formation, which causes severe pain and seriously affects patient quality of life (1) . Synovial tissue is principally composed of fibroblast-like synovial cells, which are closely associated with the pathogenesis and development of RA, particularly joint damage. Fibroblast-like synovial cells may secrete pro-inflammatory cytokines, chemokines and matrix protein-degrading enzymes (2, 3) . These factors may cause an imbalance in the proliferation and apoptosis of synovial cells, and induce abnormalities in signal transduction in synovial tissue (4) , resulting in the inflammation and destruction of joints.
It has been reported that RA-related joints are associated with a hypoxic microenvironment (5) , which regulates angiogenesis, induces inflammatory cell infiltration and elevates pro-inflammatory factor production (6, 7) . Hypoxia-inducible factor-1α (HIF-1α) is an important regulatory factor for the hypoxic response. Under hypoxic conditions, HIF-1α may activate and upregulate the expression of hypoxic adaptation-related genes, which are involved in energy metabolism, intracellular signal transduction and angiogenesis processes in RA fibroblasts (8) . Furthermore, vascular endothelial growth factor (VEGF) is a potent angiogenesis-stimulating factor, which serves key roles in angiogenesis and pathogenesis of RA (9) . Toll-like receptors (TLRs) are regulators of adaptive immune responses (10) . Activated TLRs may induce the antimicrobial defense system to produce interleukin (IL)-6, IL-1β, tumor necrosis factor-α (TNF-α) and other chemokines, thought to be involved in the pathogenesis of RA (11) . TNF-α is an inflammatory mediator with multiple biological roles. It is primarily produced by mononuclear macrophages and serves a critical function in the pathogenesis and development of RA. Furthermore, it may stimulate the proliferation of synovial fibroblasts, as well as the secretion of IL-6, granulocyte-macrophage colony stimulating factor, chemokines, Anti-rheumatic effects of Aconitum leucostomum Worosch. on human fibroblast-like synoviocyte rheumatoid arthritis cells matrix metalloproteinases and prostaglandin (12) . At present, there are a number of commercially available TNF-α antagonists that may be used to treat RA (13, 14) ; however, long-term usage of TNF-α antagonists may induce drug resistance and cause infection (15) .
Aconitum leucostomum Worosch. is a perennial herb belonging to the family Ranunculaceae and is primarily found in Gansu, Xinjiang and northeastern areas of China (16) . The root of A. leucostomum Worosch. is commonly used in Kazak medicine for the treatment of indigestion and pain (17, 18) . In particular, A. leucostomum Worosch. root has been reported to be an effective treatment of rheumatic diseases (19, 20) . A previous study by the current authors demonstrated that A. leucostomum Worosch. could alleviate the inflammatory response in the joints of rats with adjuvant arthritis (21) . However, the detailed mechanism of this effect has not yet been fully elucidated. In the current study, the effects of A. leucostomum Worosch. crude drug, processed products and monomer components on in vitro human rheumatoid fibroblast-like synoviocyte RA (HFLS-RA) cells were investigated. The levels of HIF-1α, VEGF and TLR4, as well as the related pro-inflammatory cytokines, were analyzed and discussed.
Materials and methods
Cell line and cell culture. Human fibroblast-like synoviocyte rheumatoid arthritis (HFLS-RA) cells were purchased from the European Collection of Authenticated Cell Cultures (Porton Down, UK). These cells were cultured in DMEM medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.) at 37˚C in an incubator containing 25% CO 2 .
Drug preparation and administration. A. leucostomum
Worosch. (~30 kg) was obtained from Nilka County (Yili, Xinjiang, China) and identified by pharmacist Professor Yonghe Li at the Traditional Chinese Medicine Hospital Affiliated to Xinjiang Medical University (Urumqi, China). Monomer components were isolated and purified according to our previously published procedures, and identified to be delvestidine (WF-1) and anthranoyllycoctonine (WF-4), according to spectral analysis (22) . Three kinds of processed products were prepared using water-boiling, high-pressure steaming and excipient co-boiling methods, respectively (23) .
Decoction solution of the crude drug and processed products was prepared as previously reported (24) . Briefly, 200 g crude drug or processed product was immersed in water (w/v=1/8) for 1 h, then boiled for 30 min. Following filtration with 4 layers of bandage, the solution was collected and subjected to another decoction. Three decoctions were performed in total. Then, 40% (v/v) ethanol (95%) was added to the decoction solution, which was kept at 4˚C for 2 days. Following centrifugation 700 x g at room temperature for 10 min, the supernatant was concentrated under reduced pressure in a 65˚C water bath and dry extract was obtained.
For drug administration, HFLS-RA cells were divided into the following groups: i) Control group, in which the cells received no treatment; five treatment groups, in which the cells were treated with ii) 2 mg/ml crude drug, iii) 1.8 mg/ml water-boiled processed products, iv) 1.5 mg/ml high-pressure steamed processed products, v) 1.2 mg/ml excipient co-boiled processed products, vi) 40 µg/ml monomer component WF-1 or vii) 100 µg/ml monomer component WF-4; and viii) a positive control group, in which cells were treated with 150 µg/ml leflunomide, which is used for the treatment of RA (25) (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). For the drug treatment, WF-1, WF-4, and leflunomide were dissolved in DMSO, and dry drug extracts were dissolved in the DMEM medium, which were then used to incubate the cell cultures, respectively. The inhibition rates were calculated based on the data from the control group. assay. HFLS-RA cells were plated onto a 96-well plate at a density of 1x10 4 cells/well. Following drug treatment, 20 µl CCK-8 solution (FC101-03; BestBio, Shanghai, China) was added to each well and the cells were incubated at 37˚C for 4 h. The absorbance at 450 nm was read using a spectrophotometer (xMark; Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Cell Counting
Flow cytometry. Cellular apoptotic process and cell cycle stages were evaluated using flow cytometry. For the apoptosis assessment, cells were washed with PBS, and then digested with 1 ml 0.25% trypsin. Following centrifugation at 350 x g for 5 min, cells were resuspended in pre-cooled PBS. Apoptosis detection was performed with the Annexin V-FITC kit (cat. no. BB-4101-3; BestBio) using the MACSQuant flow cytometer (Miltenyi Biotec GmbH, Bergisch Gladbach, Germany). For cell cycle detection, following drug treatment, cells were collected and centrifuged at 37˚C at 350 x g for 5 min. Following PBS washing and centrifugation, cells were treated with pre-cooled 70% ethanol and stored at 4˚C overnight. The cells were then centrifuged at 37˚C at 350 x g for 5 min and stained with 0.5 ml propidium iodide solution at 37˚C in the dark for 30 min. Fluorescence was detected using the MACSQuant flow cytometer with MACSQuantify software (Miltenyi Biotec, Auburn, CA, USA).
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Levels of HIF-1α, VEGF and TLR4 mRNA were evaluated using RT-qPCR. Total RNA was extracted from cells using TRIzol (Sigma-Aldrich; Merck KGaA). cDNA was obtained using a FastQuant RT kit with gDNase (cat. no. KR106-02; Tiangen Biotech Co., Ltd., Beijing, China). Quantitative PCR was performed with the SYBR Select Master mix (cat. no. 4472920; Applied Biosystems; Thermo Fisher Scientific, Inc.) on a 7500 qPCR instrument (Applied Biosystems; Thermo Fisher Scientific, Inc.). The primer sequences were as follows: HIF-1α, forward, 5'-TTT GGC AGC AAC GAC ACA GA-3' and reverse, 5'-TTT CAG CGG TGG GTA ATG GA-3'; VEGF, forward, 5'-GGC CTC CGA AAC CAT GAA CT-3' and reverse, 5'-TCC ATG AAC TTC ACC ACT TCG T-3'; TLR4, forward, 5'-ACA ACC TCC CCT TCT CAA CC-3' and reverse, 5'-TTG TCT GGA TTT CAC ACC TGG 3'; and GAPDH, forward, 5'-TGT TGC CAT CAA TGA CCC CTT-3' and reverse, 5'-CTC CAC GAC GTA CTC AGC G3'. Amplification conditions were as follows: Denaturation at 95˚C for 2 min, followed by 40 cycles of 95˚C for 15 sec and 60˚C for 1 min, followed by extension at 50˚C for 2 min. The relative expression levels of target genes were calculated using the 2 -∆∆Cq method (26) .
Western blot analysis.
The expression of HIF-1α, VEGF and TLR4 proteins were evaluated using western blot analysis. Cells were collected and lysed with radioimmunoprecipitation lysis buffer (Tiangen Biotech Co., Ltd., Beijing, China). After vortexing for 20 sec, the lysis was incubated at 4˚C for 30 min, followed by centrifugation at 20,000 x g at 4˚C for 15 min, and then the supernatant was harvested. Protein concentrations were determined using the BCA protein assay kit (Tiangen Biotech Co., Ltd. Table I , the optimal inhibition effect was observed at 48 h. Thus, in the following experiments, the drug treatment concentrations were set as 1/2 IC 50 values, and the treatment duration was set as 48 h. Analysis of cell proliferation inhibition rates indicated that, crude drug and processed products notably inhibited the cell proliferation, and the highest inhibition rate was observed in the high-pressure steaming processed product group (Table I) . These results suggested that the crude drug, processed products and monomer components of A. leucostomum Worosch. may inhibit the proliferation of HFLS-RA cells, with more potent inhibition effects observed in the crude drug and processed products.
Effect of A. leucostomum Worosch. on the apoptosis rate of HFLS-RA cells. The effects of A. leucostomum Worosch. crude drug, processed products and monomer components on the apoptosis of HFLS-RA cells were evaluated using flow cytometry. The results indicated that, compared with the control group, apoptosis rates were significantly elevated in the positive control and all treatment groups (all P<0.05; Fig. 1 ). Among the treatment groups, the highest apoptosis rate was observed for the water-boiling processed product group, which was significantly higher than the other treatment groups (all P<0.05) and comparable to that of the positive control group. These results suggest that the crude drug, processed products and monomer components of A. leucostomum Worosch. may significantly promote the apoptosis of HFLS-RA cells, and the most potent effect was observed for the water-boiling processed product.
----------------------------------------------

Effect of A. leucostomum worosch. on HFLS-RA cell cycle.
The effects of A. leucostomum Worosch. crude drug, processed products and monomer components on the HFLS-RA cell cycle were also evaluated using flow cytometry. These results demonstrated that, compared with the control group, the proportion of cells in the G0/G1 phase was significantly decreased in the positive control group and all treatment groups (all P<0.05; Table II ). Among the treatment groups, the lowest G0/G1 phase percentage was observed in the high-pressure steaming processed product group, which was significantly lower than the other treatment groups (P<0.05; Table II ). These results suggest that the crude drug, processed products and monomer components of A. leucostomum Worosch. may induce cell cycle arrest in HFLS-RA cells; the most potent effect was observed for the high-pressure steaming processed product.
Effect of A. leucostomum Worosch. on HIF-1α, VEGF and TLR4 expression in HFLS-RA cells.
To investigate the effects of A. leucostomum Worosch. crude drug, processed products and monomer components on the expression of HIF-1α, VEGF and TLR4 in HFLS-RA cells, mRNA and protein levels were measured using RT-qPCR and western blot analysis, respectively. Results from RT-qPCR indicated that, compared with the control group, levels of HIF-1α and TLR4 mRNA were significantly downregulated in the positive control group and all treatment groups (all P<0.05; Fig. 2A and C) . Compared with the control group, only slight changes in VEGF mRNA levels were observed in the water boiling and excipient co-boiling processed product groups, as well as in the monomer component (WF-1 and WF-4) groups (P>0.05; Fig. 2B ). Results from western blot analysis indicated that, compared with the control group, there were decreases in the expression of HIF-1α, VEGF and TLR4 proteins in the crude drug, processed product and monomer component groups (Fig. 3) . These results suggest that the crude drug, processed products and monomer components of A. leucostomum Worosch. may downregulate the expression of HIF-1α, VEGF and TLR4 in HFLS-RA cells.
Effect of A. leucostomum Worosch. on pro-inflammatory cytokine levels in cell culture supernatant. The effects of
A. leucostomum Worosch. crude drug, processed products and monomer components on the pro-inflammatory cytokine levels in the culture supernatant of HFLS-RA cells were detected with ELISA. The results indicated that, compared with the control group, levels of IL-6, IL-1β and TNF-α in the cell culture supernatant were all significantly decreased in the treatment groups (all P<0.05; Fig. 4 ). These results suggest that the crude drug, processed products and monomer components of A. leucostomum Worosch. may decrease pro-inflammatory cytokine levels in HFLS-RA cells.
Discussion
RA is pathologically characterized by synovitis, in which the pathologically altered synovial membrane enhances inflammatory cell infiltration and increased pro-inflammatory cytokine release causes hypoxia in the joint microenvironment and leads to angiogenesis and pannus formation (27) . Pannus has been associated with erosion, which may eventually result in joint cartilage and bone destruction (28) . Pannus formation serves a key role in the occurrence and development of RA, and HIF-1α is a key regulator of the hypoxia response in the body. Brouwer et al (29) demonstrated that HIF-1α expression is upregulated in the synovial tissue in patients with RA and that the number of HIF-1α + cells in the RA synovial tissue is positively correlated with the blood vessel number and inflammation cell infiltration. Another study indicated that synovial hyperblastosis and vascular density was increased in RA patients (30) . Furthermore, it has been reported that the serum level of HIF-1α is significantly elevated in patients with early-stage RA and is even higher than in patients with advanced-stage or stable RA (7). In addition, it has been determined that the serum level of VEGF is increased in patients with RA (31) .
TLRs are involved in the regulation of adaptive immune responses in the body, and they serve key roles in the pathogenesis and development of various autoimmune diseases, particularly RA (32) . Most activated TLRs can induce the antimicrobial defense system to produce IL-6, IL-1β and TNF-α. Therefore, the innate immune response may be involved in the pathogenesis of RA.
In the present study, HFLS-RA cells were treated with A. leucostomum Worosch. crude drug, processed products and monomer components. Cell proliferation was assessed using a CCK-8 assay, and apoptosis and the cell cycle were evaluated with flow cytometry. The results demonstrated that drug treatments could markedly inhibit the proliferation of HFLS-RA cells. Furthermore, the drug treatments significantly elevated the apoptosis rates of these cells, and decreased the proportion of cells in G0/G1 phase. These results suggested that A. leucostomum Worosch. may induce apoptosis and inhibit proliferation of HFLS-RA cells. The expression of HIF-1α, VEGF and TLR4 mRNA and protein in the HFLS-RA subjected to drug treatments were evaluated using RT-qPCR and western blot analysis, and levels of IL-6, IL-1β and TNF-α in the cell culture supernatant were detected with ELISA. A previous study demonstrated that hypoxic conditions are closely associated with upregulated levels of HIF-1α and VEGF (33) . However, the results of the present study demonstrated that, compared with the control group, the drug treatments significantly decreased the mRNA and protein levels of HIF-1α and TLR4 in HFLS-RA cells, but not VEGF. Furthermore, it was demonstrated that, compared with the control group, levels of IL-6, IL-1β and TNF-α in the cell culture supernatant were significantly decreased, which was in accordance with previous results (4).
In the present study, our results showed that, persistent hypoxia may induce the upregulated expression of HIF-1α and TLR4, which, together with the enhanced release of pro-inflammatory cytokines, may contribute to enhanced synovial inflammation. Ca 2+ /calmodulin-dependent protein kinase II (CaMKII) is a member of the CaMK family and is expressed in the fibroblast-like synovial cells in RA. It has been determined that CaMKII may regulate the transcription and activation of HIF-1α and other factors, and inhibiting CaMKII may downregulate the expression of HIF-1α and VEGF in RA synovial cells, potentially by suppressing the pI3K/Akt signaling pathway (34) . The pI3K/Akt and mitogen-activated protein kinase signaling pathways mediate the activation of HIF-1α in RA synovial cells under hypoxic conditions (35) . It has been demonstrated that treatment with artesunate may inhibit the pI3 K/Akt signaling pathway and downregulate the expression of HIF-1α and VEGF in RA fibroblast-like synovial cells (36) . Another study indicated that inhibition of the pI3 K/Akt signaling pathway reduced HIF-1α expression in rat models of collagen-induced arthritis, which significantly alleviated arthritis clinical symptoms, imaging alterations, synovial hyperplasia and inflammatory cell infiltration (37) . Therefore, HIF-1α may be activated via various pathways by receptors in the RA fibroblast-like synovial cells in a hypoxic microenvironment (38) .
In conclusion, the current results indicated that the crude drug, processed products and monomer components of A. leucostomum Worosch. significantly enhanced the apoptosis of HFLS-RA cells, with the most potent effect observed for water-boiling processed products. The A. leucostomum treatments induced cell cycle arrest in the HFLS-RA cells, with the most potent effect observed for high-pressure steaming processed products. Furthermore, the A. leucostomum treatments downregulated the expression levels of HIF-1α and TLR4 in HFLS-RA cells, and decreased the pro-inflammatory cytokine levels in the culture supernatant. These findings may The expression of HIF-1α, VEGF and TLR4 protein in HFLS-RA cells were evaluated using western blot analysis. HFLS-RA, human fibroblast-like synoviocyte rheumatoid arthritis; WF-1, delvestidine; WF-4, anthranoyllycoctonine; HIF-1α, hypoxia-inducible factor-1α; VEGF, vascular endothelial growth factor; TLF4, Toll-like receptor 4. contribute to understanding of the pathogenesis and development of RA and the development of novel therapeutic strategies to clinically treat the disease. HFLS-RA cells were treated with the crude drug, processed products (water-boiling, high-pressure steaming and excipient co-boiling processed products) or monomer components (WF-1 and WF-4) for 48 h. Leflunomide was used as a positive control. Levels of (A) IL-6, (B) IL-1β and (C) TNF-α in the cell culture supernatant were detected using ELISA kits. Data are presented as mean ± standard deviation. * P<0.05 vs. control group. HFLS-RA, human fibroblast-like synoviocyte rheumatoid arthritis; WF-1, delvestidine; WF-4, anthranoyllycoctonine; IL, interleukin; TNF-α, tumor necrosis factor-α.
